1. Introduction {#sec1}
===============

Nowadays, due to the global rise in the aging population and obesity, the incidence and prevalence of diabetes are increasing. Since 1980, the number of diabetic patients has quadrupled in the world.[@bib1] According to recent WHO report, in 2014, 422 million people with diabetes were estimated and the prevalence of the disease will steadily increase everywhere, particularly in the middle-income countries.[@bib2] Based on cost evaluation from a recent systematic review study, it has been projected that the direct cost of diabetes to the world is more than US\$ 827 billion, annually.[@bib3]

There are many herbal medicines suggesting for the treatment of diabetes and some of them have been approved in experimental studies.[@bib4], [@bib5] Lots of people thought that herbal products are inherently safe, owing to their natural origin not based on experimentally approved evidence.[@bib6] Moreover, despite the fact that there are limited studies in the field of herb-drug interactions, some of patients prefer to use conventional drugs with herbal medicine, concurrently.[@bib7], [@bib8] In fact, concomitant use of drug and herbal medicine may sometimes produce interaction effects. Interactions between herbs and drugs may increase or decrease the pharmacological or toxicological effects of either components.[@bib9] Therefore, it is imperative to promote credible research on safety and possibility interaction of herbal medicine with synthetic drugs.

*Brassica rapa* (turnip) has been cultivated and consumed for many centuries across Europe and expanding eventually to central and East of Asia.[@bib10] The results of our previous studies showed that turnip root had hypolipidemic potential and its leaf exerted hypoglycemic and renoprotective efficiencies in diabetic rats.[@bib11], [@bib12], [@bib13], [@bib14] On the other hand, metformin is a widely consumed oral antdiabetic drug in the world.[@bib15] Evidence shows it is most prescribed antidiabetic drug amongst hospital prescriptions. Moreover, metformin plays a pivotal role in most of two-drug, three-drug and four-drug combination therapy in diabetic patients.[@bib16] Metformin toxicity is rare, but in all reported cases it was used concurrently with other drugs or herbs.[@bib17] It should be noted that metformin also plays a pivotal roles in most of marketed combination antidiabetic drugs like Glucovance, Metaglip, Benformin, Calformin etc.[@bib18] Hence, metformin was used as a reference antidiabetic drug to study its concurrent effects with turnip leaf extract in diabetic rats.

2. Objective {#sec2}
============

As the medicinal plants with antidiabetic properties are widely use separately or in combination with conventional drugs among diabetic patients, this study aimed to evaluate the effects of co-administration of aqueous extract of turnip leaves (AETL) and metformin on blood glucose and liver function markers in diabetic rats.

3. Material and methods {#sec3}
=======================

3.1. Plant collection and extract preparation {#sec3.1}
---------------------------------------------

The turnips (*Brassica rapa*) were collected during December 2011 from Birjand, South Khorasan province, Iran. The plant was identified by an expert botanist, and a voucher specimen (221) kept in the herbarium of Agricultural Faculty of Birjand University, Birjand, Iran.

*Brassica rapa* leaves were dried in shade and at the room temperature, then milled by an electric grinder. The powder was macerated in distilled water 1:10 (w/v) on a magnetic stirrer for 2 days at room temperature. Afterwards, the mixture was passed through filter paper (Blue Ribbon, Grade 589, Germany), and concentrated under vacuum evaporator. Subsequently, lyophilized by freeze dryer (Dena Vacuum Industry, model FD-5005-BT, Iran) to produce aqueous extract. The extraction yield was 15.7%.

3.2. Animals {#sec3.2}
------------

Male Wistar albino rats, weighting 180--220 g procured from the Research Centre of Experimental Medicine at Birjand University of Medical Sciences, Brjand, Iran. The rats were maintained in controlled environment (12 h light/dark cycles and 21--25 °C temperature) and fed with standard laboratory animal pellet diet (Javanneh-Khorasan co, Iran) as well as tap water, *ad libitum*. The experimental procedures used in the present study were approved by the Ethic Committee of Laboratory Animals at Birjand University of Medical Sciences, Birjand, Iran.

3.3. Chemicals {#sec3.3}
--------------

Streptozotocin (STZ) was purchased from Sigma Chemicals Company (St. Louis, MO, USA) and metformin tablets from Merck Sante\' S.A.S.(Lyon, France). The STZ and metformin were freshly dissolved in citrate buffer, pH 4.5 or saline 0.9% for intraperitoneal (IP) and oral administration, respectively.

3.4. Induction and assessment of diabetes {#sec3.4}
-----------------------------------------

The overnight fasted rats were made diabetic with a single IP injection of 45 mg/kg STZ[@bib19] and control normal rats (NC group, n = 8) received vehicle (citrate buffer). Diabetes was confirmed in animals by measuring the fasting blood glucose (FBG) levels three days after the STZ injection. The rats with FBG levels above 350 mg/dl were considered as severe diabetic and used in this study.[@bib20]

3.5. Experimental design {#sec3.5}
------------------------

Based on previous studies, aqueous extract of turnip leaves (AETL) at the dose of 400 mg/kg, as an effective dose, was used in this study.[@bib11], [@bib13] After two weeks of diabetes confirmation, the animals were randomly divided into six equal groups (n = 8). Group 1 received saline as diabetic model (DM), groups 2 and 3 received metformin at the doses of 50 mg/kg (MET50) and 100 mg/kg (MET100) respectively, group 4 treated with 400 mg/kg AETL alone (AETL400), groups 5 and 6 received 400 mg/kg AETL plus metformin at the dose of either 50 mg/kg or 100 mg/kg, respectively (AETL + MET50 or AETL+100 MET). Moreover, 8 healthy rats allocated as normal control (CON) group and treated with saline 0.9 %.

Drugs were dissolved in saline (0.9%) solution and orally administrated to the animals using intragastric tube for a period of four weeks. The same volume of saline (0.9%) was administrated to the NC group.

3.6. Measurement of blood glucose and biochemical liver function markers {#sec3.6}
------------------------------------------------------------------------

Weekly measurement of FBG was done using a commercially available digital glucometer (Accu Chek, Germany). At the end of the experimental period, after 14 h fasting and under anesthesia with ketamine:xylazine (65:10 mg/kg), the blood collection was performed from the animals\' heart. Plasma was collected to assess the liver function by measuring plasma levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST). The AST and ALT levels were determined by the automatic biochemistry analyzer (Roche Hitachi 912, Japan) and commercially available kits (Pars Azmoon, Iran).

3.7. Histopathology {#sec3.7}
-------------------

Following the anesthesia and blood collection, the animals\' livers were removed and fixed in 10% formaldehyde in phosphate buffered saline (0.01 M). Tissue samples of the liver were processed for paraffin-embedding and serial sections were made for staining with hematoxilin and eosin dyes. For each rat, three random sections were analyzed under a light microscope (UPLAN FI, Japan). They were evaluated according to a check list semi quantitatively for the degree of histopathological changes ([Table 2](#tbl2){ref-type="table"}).Table 1Effects of metformin (MET), aqueous extract of turnip leaves (AETL) or their combination on fasting blood glucose levels in STZ-induced diabetic rats.Table 1Time groupsInitialFirst weekSecond weekThird weekFourth weekCON101.62 ± 8.22^a^100.87 ± 5.74^a^98.14 ± 5.83^a^101.25 ± 4.94^a^99.19 ± 4.21^a^DM448.75 ± 24.52^b^470.75 ± 34.42^b^461.25 ± 32.25^b^463.75 ± 28.26^b^460.37 ± 24.24^b^MET50436.62 ± 43.74^b^350.75 ± 48.58^c^264.00 ± 18.35^d^304.60 ± 26.7^c^109.12 ± 12.39^a^MET100456.62 ± 29.73^b^277.75 ± 44.39^d,e^170.21 ± 24.65^f^115.21 ± 11.92^a^104.00 ± 8.17^a^AETL456.00 ± 34.6^b^325.3 ± 15.25^e^259.37 ± 23.36^d^167.0 ± 21.21^f^110.37 ± 5.5^a^AETL + MET50465.24 ± 36.72^b^327.57 ± 31.19^e^207.24 ± 20.31^d^99.25 ± 10.31^a^91.75 ± 3.42^a^AETL + MET100493.62 ± 31.13^b^322.59 ± 42.39^e^143.39 ± 12.4399.37 ± 9.93^a^88.56 ± 4.13^a^[^1]Table 2Grading of the histopathological changes in liver sections.Table 2AlterationsCONDMMET50100METAETLAETL + MET50AETL + MET100Limphocyte infiltration--++----++----Microvesicular deposition fat--++++--------Eosinopilic cytoplasm--++----+----Hemorrhage--+++++--+--Sinusoidal dilatation----+++++[^2]

3.8. Statistical analysis {#sec3.8}
-------------------------

The data of FBG and liver enzymes concentrations were presented as means ± SD. Results were analyzed using one-way ANOVA, followed by Dunnett\'s post-hoc test to determine significant differences among the means. The level of statistical significance was set at P \< 0.05. SPSS 22 for Windows was used to perform the total statistical analysis.

4. Results {#sec4}
==========

4.1. Blood glucose {#sec4.1}
------------------

[Table 1](#tbl1){ref-type="table"} illustrates the effects of four weeks administration of AETL alone or in combination with either 50 or 100 mg/kg metformin on FBG levels in diabetic rats. At the initial time, FBG levels were 448.75 ± 24.52 mg/dL in DM group versus 101.62 ± 8.22 in CON group. There was no significant difference between diabetic groups at this time.

Compared to the DM group, all experimental groups showed gradually decrease in FBG levels during the study period from the first week to the last. At the first week, all experimental groups had significant lower FBG levels than DM group. Comparison between the experimental groups showed, FBG lowering activity of MET50 was only a little lower than MET100 (p = 0.03) while there was no significant difference between the other experimental groups. At the second week, although, there was no significant difference between MET100 and MET100 + AETL (p = 0.16), the FBG comparison between experimental groups showed that the both MET100 and MET100 + AETL presented highest FBG lowering activity than MET50 (p \< 0.001, each) AETL (p \< 0.001, each) and MET50 + AETL (p = 0.017, p = 0.001 respectively). However, until third week, any of experimental treatments could not normalize FBG levels in diabetic rats. At the third week, the rats treated with MET100 (115.21 ± 11.92), AETL + MET50 (99.25 ± 10.31) and AETL + MET100 (99.37 ± 9.93) had normal FBG levels and there was no significant difference between them. At the fourth week, all of the experimental groups had normal FBG levels.

4.2. Liver enzymes {#sec4.2}
------------------

The plasma concentrations of AST and ALT were presented in [Fig. 1](#fig1){ref-type="fig"}. Generally, both AST and ALT levels were significantly increased in diabetic rats in comparison with the CON group (p \< 0.001).Fig. 1Liver enzymes activity, values are presented as mean ± S.D, n = 8 in each group.CON: control normal rats; DM: diabetic model group, MET50; Metformin n doses of 50 mg/kg; MET100: Metformin in dose of 100 mg/kg; AETL: aqueous extract of turnip leaves n dose of 400 mg/kg. One way ANOVA followed Tukey\'s post-hoc test, \*p \< 0.05: compared to normal control group, \#p \< 0.05: compared to diabetic model group.Fig. 1

Any of interventions could not normalize AST levels in diabetic rats. Not only AETL did not reduce the AST levels, but also it significantly increased its levels more than DM group (p \< 0.001). However, compared to DM group, both the MET100 (p = 0.001) and MET100 + AETLcould reduce the AST levels, significantly (p \< 0.001).

While treating diabetic rats with metformin (both doses) could not reduce elevated ALT levels, but the groups receiving AETL (alone or in combination with metformin) had normal ALT levels. In this regard, there was no significant difference between CON group and AETL (p = 0.99), AETL+50 MET (p = 0.07) and AETL+100 MET (p = 0.83) groups.

4.3. Liver pathology {#sec4.3}
--------------------

Liver histopathological examination of control group revealed normal structure with distinct hepatocytes, normal sinusoidal spaces and central vein ([Fig. 2](#fig2){ref-type="fig"}a). However, in DM group, abnormal morphologies typically some degree of fatty change signs including microvesicular fat vacuoles deposition, ballooning of hepatocytes and apoptosis (councilman bodies) and also mononuclear cell infiltration were observed ([Fig. 2](#fig2){ref-type="fig"}b,c). In the animals treated with MET50 or MET100, low degree of fatty changes and sinusoidal hemorrhage without inflammation were observed ([Fig. 2](#fig2){ref-type="fig"}d,e). AETL treated rats showed mild infiltration of lymphocytes and numerous activated Kupffer cells ([Fig. 2](#fig2){ref-type="fig"}f). Despite the fact that there were some alterations in AETL or MET50 and MET100 alone, mixing of AETL with metformin in the both doses showed normal histological appearance. Only in MET50 + AETL some degrees of sinusoidal hemorrhage were observed ([Fig. 2](#fig2){ref-type="fig"}g,h). [Table 1](#tbl1){ref-type="table"} shows the scores of histopathological changes in all groups.Fig. 2(a--h): Effects of aqueous extract of turnip leaves (AETL), metformin (MET) or their combination on the liver of STZ-induced diabetic Wistar rats. (a) normal control liver with normal structure, central vein (thick arrow) and normal sinusoids (thin arrows); (b) liver sections of diabetic model group with typical microvesicular deposited vacuoles (yellow arrow), apoptotic hepatocytes and councilman bodies (thin arrows) and early fatty changes (arrow heads); (c) another section of diabetic model group with spotty necrosis (arrows) and mononuclear cells infiltration (arrow heads); (d) mild sinusoidal dilatation with hemorrhage (arrows) in MET50 group; (e) normal structure of liver of MET100 group with only little Kupffer cells proliferations in sinusoidal spaces; (f) lymphocytes infiltration (arrow head) in liver belongs to AETL group; (g) sinusoidal dilatation with hemorrhage (arrow) in AETL + MET50 group; (h) normal appearance of diabetic rat liver treated with AETL + MET100.Fig. 2

5. Discussion {#sec5}
=============

All diabetic patients require medication to reduce their elevated blood glucose levels. An increasing number of glucose lowering medications is available. Glimepiride, Metformin, Acarbose etc. are the most common oral antidiabetic drugs. However, in some countries these drugs are frequently unavailable or expensive.[@bib21] In addition, there is a growing interest in using of herbal medicine in the world.[@bib22] Moreover, above all, the use of herbal medicine among diabetic patients receiving antidiabetic pharmacotherapy is common.[@bib23] Nowadays, scientists are searching for new types of drug-herb combinations to treat various diseases like diabetes more effective than conventional drugs alone. So providing evidence on the safety and efficiency of herbal medicines including the possibility of interactions with conventional antidiabetic drugs is imperative.

In the current study co-administration of AETL and metformin on blood glucose levels and liver function in diabetic rats was investigated. The results of hypoglycemic activity showed that, as expected, AETL, MET50 and MET100 significantly reduced elevated blood glucose levels when they administrated separately. Interestingly, the hypoglycemic potential of the drug and herb improved when they were co-administrated. The biochemical and histopathological markers regarding liver function revealed that metformin particularly in the high dose (100 mg/kg) ameliorated AST levels and microvesicular alterations while it could not affect ALT levels significantly. In contrast to metformin, AETL treatment caused a dramatic elevation in AST levels and lymphocytes infiltration while it sufficiently ameliorated ALT levels in diabetic animals. However, in concomitant therapy they efficiently attenuated liver enzymes elevation (both AST and ALT) and histological damages.

Metformin is an aminoguanidine hypoglycemic drug that widely used in the management of diabetes. Several studies have shown it has insulin sensitizing effects.[@bib24], [@bib25], [@bib26] In one hand, it is well established that therapeutic effects of metformin are attributed to its effects on muscle and liver by increasing glucose uptake and decreasing glucose production, respectively. Also it has been reported that metformin restore the antioxidant status, enzymatic activity and inflammatory parameters in diabetic patients.[@bib27] Hypoglycemic activity of AETL is attributed to its high levels of polyphenol compounds (20.88 ± 0.72 mg/g Gallic acid equivalent) stimulating of peripheral glucose uptake in tissues, decreasing liver gluconeogenesis, regulating carbohydrate metabolism, and attenuating intestinal absorption of dietary carbohydrates.[@bib11] The synergistic effects on glucose lowering potential observing in this study might be due to the similar hypoglycemic mechanisms of metformin and AETL. Based on these data, it can be concluded that metformin and AETL had synergistic effects in hypoglycemic activity.

The liver plays a pivotal role in regulating glucose levels in different physiological and pathological states such as diabetes. Moreover, many drugs and compounds are metabolized and detoxified in the liver, so it is subject to potential damage from an enormous array of therapeutic and environmental chemicals.[@bib28] A huge number of evidence indicates that diabetes is associated with a wide range of liver abnormalities including abnormal glycogen deposition, non-alcoholic fatty liver disease (NAFLD), fibrosis, cirrhosis, hepatocellular carcinomas, abnormal elevated liver enzymes, acute liver disease and viral hepatitis.[@bib29], [@bib30], [@bib31]

The results of this study demonstrated that diabetic rats presented histological alterations and enzymes elevation in the liver that largely resembled chronic liver disease in humans. The histopathological evaluations showed liver lesions ranged from microvesicular fat deposition to mononuclear cells infiltration. The histological examination showed that metformin and AETL could greatly ameliorate microvesicular alterations when they were used separately. However, some inflammatory infiltrations as well as hemorrhagic signs into sinusoidal spaces were remained in these groups. On the other hand, concurrent administration of metformin with AETL revealed a normal liver structure only with a mild sinusoidal dilatation.

In diabetes, derangement of lipid, protein and carbohydrate metabolism can lead to NAFLD.[@bib32] Increased oxidative stress and aberrant inflammatory response are the main causes of liver injury in diabetic patients. These underlying mechanisms lead to up-regulation of pro-apoptotic genes resulting hepatocyte damages.[@bib28] Fat droplets deposition is one of the main hepatocellular damages observed in diabetic patients as well as animal models, it is known as NAFLD. Subsequently, some pathological responses including hepatic inflammation, necrosis and fibrosis are observed in diabetes or hyperlipidemic occasions which are symptoms of a condition known as non-alcoholic steato-hepatitis (NASH).[@bib33], [@bib34] During early stage of NASH, fat accumulation into hepatocytes leads to pathological feature calling microvesicular steatosis (without nucleus distortion), which then progresses to macrovesicular steatosis that garble the hepatocyte nucleus.[@bib35] The other prominent features of liver steatosisare included mild lymphocytic, neutrophilic and other inflammatory infiltration. An increment of fat accumulation in liver causes modification of adipocytokines secretion and it may contribute to mitochondrial oxidative stress and trigger the formation of free radicals in peroxisomes.[@bib28] There are strong body of evidence indicates that metformin improves liver function, but not histological response in NAFLD patients.[@bib36] In our knowledge, there is no research regarding turnip leaf effects on NAFLD in human or animal studies. However, in study conducted by Mohajeri et al. turnip root extracts ameliorated early hepatic injuries in diabetic rats.[@bib37] The difference between these findings may be due to use of different parts of turnip (leaf and root) in above mentioned studies.

In present study, similar to several other investigations, diabetic rats had high level of plasma AST and ATL compared to normal control group. Plasma levels of AST and ALT are the first and foremost indicators in assessing liver injuries. Evidence have shown that in chronic hepatitis and cirrhosis, serum AST levels are higher than ALT; this may reflect hepatic cell necrosis with releasing of mitochondrial AST.[@bib38], [@bib39] Metformin only at the dose of 100 mg/kg could decrease AST levels in diabetic rats. The beneficial effects of metformin on liver enzymes activity in diabetic rats have been reported in some studies.[@bib40] In addition, the present results in metformin effects on elevated AST and ALT levels are consistent with the findings of Ghadge et al. (2016) who reported metformin had not beneficial effects on elevated ALT levels in diabetic rats.[@bib41] On the other hand, monotherapy with AETL significantly increased AST levels even more than diabetic animals while it reduced ALT levels efficiently. Likewise, similar results were observed in early study in which AETL has been administrated to diabetic rats at the same dose.[@bib11] Also there is evidence that shows in some occasions, brassica forage (like turnip leaf) crazing can cause hepatotoxicity in dairy cows.[@bib42] There are a variety of sulfur-containing glucosinolates (GSLs) in turnip greens.[@bib43] Various nitrile and epithionitrile derivatives of GSL found in crop plants have been shown to be hepatic, renal, or gastric toxins in rats.[@bib44] Interestingly, combination of metformin with AETL efficiently prevented the hepatic damages in diabetic rats. It can be concluded that metformin and AETL with a selective synergism interaction are able to ameliorate liver alterations in diabetic rats.

6. Conclusion {#sec6}
=============

In summary, the results of this study indicate that concurrent administration of AETL with metformin not only has not agonist effects on glucose lowering activity, but also might increase it, significantly. Also, while single use of metformin and AETL represented some incompetence or toxic effects on liver function markers, respectively, but co-administration of AETL and metformin could ameliorate liver injury by positive interaction.

Conflicts of interest {#sec7}
=====================

The authors have no financial or nonfinancial conflicts of interest to declare.

We thankfully acknowledge Mr. Pouyan, Birjand University, for confirming identification of the plant.

Peer review under responsibility of The Center for Food and Biomolecules, National Taiwan University.

[^1]: Each value represents the mean ± S.D. CON: control normal rats; DM: diabetic model group, MET50; Metformin n doses of 50 mg/kg; MET100: Metformin in dose of 100 mg/kg; AETL: aqueous extract of turnip leaves n dose of 400 mg/kg. Different letters (a--f) show significant difference (p \< 0.05) within and between groups and same letters shown on-significant difference.

[^2]: Scoring was done as follows for each microscopic field: none (−), low (+), mild (++), severe (+++).
